Abstract: The aim of this trial was to determine the effect of the presence of wire or plastic mesh elevated platforms on carcass traits and meat quality characteristics, with particular attention to the oxidative status of growing rabbits. A total of 174 five-week old rabbits were randomly divided into 3 groups with 2 replications (6 pens; 29 rabbits/pen): pens without platforms (NoP) with a stocking density of 16 rabbits/m 2 and pens with wire-mesh platforms (WP) or plastic-mesh platforms (PP) that were placed on 2 levels, with a stocking density of 16 rabbits/m 2 on the floor or 9.14 rabbits/m 2 when the platform were included. At 84 d rabbits were slaughtered. The slaughter traits and Longissimus lumborum (LL) physical and chemical compositition were not affected by treatments. Rabbits from the PP group showed the highest retinol and γ-tocotrienol content on LL muscle, whereas the NoP ones showed a higher α-tocotrienol and α-tocopherol level. The absence of platforms led to decreased (P<0.001) thiobarbituric acid-reactive substances values and induced an improvement in n-3 polyunsaturated fatty acids. Levels of linoleic, linolenic and docosahexaenoic acids were equal to those of the WP group (23.45, 3.75, 0.64% in NoP and 22.6, 4.14, 0.53% in WP, respectively) but higher than in PP rabbits (20.86, 3.05, 0.45%, respectively). It can be concluded that the pens with elevated platforms provide greater possibilities for movement, which is beneficial from the viewpoint of animal welfare. However, this greater activity influences the oxidative status of the meat, decreasing the antioxidant content and worsening the lipid oxidation of rabbit meat.
INTRODUCTION
Improving welfare of growing rabbits involves improving housing conditions. In previous years, in some European countries (e.g. in Italy and Hungary) the common practice was to house growing rabbits in pairs in bicellular cages (Trocino and Xiccato, 2006) . In most experiments, housing 2 rabbits per cage gave better growth performance than housing in larger groups (Trocino and Xiccato, 2006; Princz et al., 2009; Szendrő and Dalle Zotte, 2011; Xiccato et al., 2013) , and a good health status was promoted (Verga et al., 2007) . On the other hand, according to the recommendations of the European Food and Safety Authority (EFSA, 2005 ) the benefits of group housing (3 or more rabbits per cage) have been emphasised because it allows expression of species-specific behaviour patterns (social contact, hopping, uprising position, stretching, etc.) and stereotypic behaviours (e.g. cage biting) may be prevented.
The effect of group size (cage vs. pen) on carcass traits and meat quality was investigated by Dal Bosco et al. (2002) , Dalle Zotte et al. (2009) , Lazzaroni et al. (2009) and Combes et al. (2010) . It was clear that greater locomotor activity resulted in lower dressing out percentage (DoP), lower fat deposition and a decrease in the meat-to-bone ratio. There was no definite change in the intermediate part of the carcass while the fore part decreased a little and the hind part of animals housed in larger groups increased. Meat pHu values tended to decrease and the meat colour (L*) was lighter with increasing group size, although the effects of group size on redness (a*) and yellowness (b*) values were unclear. The meat of rabbits kept in large groups was leaner and contained more water, but neither protein content nor ash content was affected by the group size. The total amounts of polyunsaturated fatty acids (PUFA), n-6, n-3 and n-6/n-3 ratio increased in pen-housed rabbits (31.2 vs. 29.2, 28.1 vs. 26.0, 3.1 vs. 2.9% for PUFA, n-6 and n-3 respectively), where the stoking density was 10.2 rabbits/m 2 , while monounsaturated fatty acids (MUFA) decreased compared to rabbits in cages (about 27 vs. 29%, 16.6 rabbits/m 2 ) (Dal Bosco et al., 2002) .
When the group size increases, the results are confounded by the simultaneous change in cage size. One way to increase group size with the same floor area and maintaining low stocking density is the use of elevated platforms. The usage of elevated platforms was also recommended as an environmental enrichment (de Jong et al., 2008) . Furthermore, the platforms promote locomotion (e.g. jumping) and give rabbits the chance to choose the more comfortable part of cage (on, under or in front of the platform) or to withdraw from their aggressive cage-mates. Nevertheless, elevated platforms are still a new element under investigations and results in reports should be more specific about their technical characteristics (size, material, height from the floor, number of levels). Until now, only a few papers have been published comparing the effect of different platform materials on productive performance and behaviour of growing rabbits (Lang and Hoy, 2011; Szendrő and McNitt et al., 2012; Matics et al., 2014b) . The main conclusion of these studies was that wire-mesh floor promotes better hygienic conditions, whereas plastic-mesh floor was more comfortable. It is also necessary to consider that a platform could influence the locomotor activity and thus the oxidative status and fatty acid profile of meat (Dal Bosco et al., 2015) . To our knowledge, only a few studies have demonstrated that rabbit muscles turn to a more oxidative metabolic pattern in response to motor activity, but no research has been carried out to establish the correlation between the presence of a platform and oxidative status. Gondret et al. (2009) showed that rabbit muscles have an oxidative adaptation to jump exercise, but no modifications were observed in lipid traits in fast-twitch muscles and only minor modifications in slow-twitch muscles.
Thus, the aim of this trial was to verify the effect of the presence of wire-or plastic-mesh elevated platforms on the carcass traits and meat quality, with particular attention to the oxidative status of growing rabbits.
MATERIAL AND METHODS
The study was approved by the Institutional Animal Welfare Committee of Kaposvár University. All animals were handled according to the principles stated in the EC Directive 86/609/EEC on the protection of animals used for experimental and other scientific purposes.
Housing and experimental design
The experiment was conducted at the rabbit farm of Kaposvár University using the maternal line (Pannon Ka) growing rabbits from the Pannon Breeding Programme (Matics et al., 2014a) . The rabbits were housed in a room with temperature ranging between 15 and 18°C, humidity between 65-70%, and the lighting period was 16L:8D. The rabbits were fed ad libitum with commercial pelleted diets between 5 and 9 wk of age: 9.6 MJ digestible energy (DE)/kg, 16.1% crude protein (CP), 2.7% ether extract (EE), 18.5% crude fibre (CF), and medicated with 1 ppm of diclazuril, 500 ppm oxytetracycline and 50 ppm tiamulin. Between 9 and 11 wk the rabbits were given: 9.7 MJ DE/kg, 17.0% CP, 3.0% EE, 18.0% CF, without medication. Water was available throughout the trial from 5 nipple drinkers per pen.
A total of 174 rabbits of both sexes (1:1) were weaned at 5 wk of age. They were randomly divided into 3 groups (58 rabbits/group) and distributed into 6 pens (1000×1830 mm) with wire-mesh floors (29 rabbits/pen, 2 pens/ treatment). The hole size and thickness of wire-mesh floor were 10.7×49.6 mm openings and 2.5 mm diameter wire. There were 2 pens per treatment with 29 rabbits per pen. The pens differed only in the presence or absence of platforms and the materials used to construct the platforms.
Pen without platform (NoP). The stocking density was 16 rabbits/m 2 .
Pens with wire-mesh platforms (WP) (wire: 2.05 mm thick, hole size: 10.9×23.5 mm). The pens were equipped with seven elevated platforms that were placed along the perimeter on 2 levels ( ). Stocking density was 16 rabbits/m 2 and 9.14 rabbits/m 2 (when the platform areas were included).
Pens with plastic-mesh platforms (PP; Figure 2b ) were equipped with the same plastic-mesh platforms with rhombic shape (4.5 mm thick, diagonal openings measuring 14.5×23 mm). The same stocking density as WP was used.
Sampling and analysis
The rabbits were slaughtered at 84 d of age. The slaughter dissection procedures were performed according to the WRSA recommendation (Blasco and Ouhayoun, 1996) . Rabbits were slaughtered by cutting the carotid arteries and jugular veins after electrostunning. Rabbits were bled and the skin, genitals, urinary bladder, gastrointestinal tract and the distal part of legs were removed. Warm carcasses (with head, set of organs consisting of thymus, trachea, oesophagus, lungs and heart, liver, kidneys, perirenal and scapular fat) were weighed, then chilled at +4°C for 24 h. After 24 h, the chilled carcasses (CC) were weighed. The head, set of organs, liver and kidneys were removed from each carcass to obtain the reference carcass (RC), which included the meat, bones and fat depots. The carcasses were then cut. between the 7 th and 8 th thoracic vertebra and between the 6 th and 7 th lumbar vertebra to obtain the fore, mid and hind parts, which were weighed separately. Longissimus thoracis et lumborum (LL) muscles and the meat on hind legs (HL) were dissected, and the HL meat to bone ratio was calculated. The dressing out percentage (CC weight divided by live weight×100) and the ratio of the organs and carcass parts to either the CC or to the RC weight were calculated.
The pHu of the LL (measured between 6 th and 7 th lumbar vertebrae) was measured by a Testo 205 pH meter (Testo Ltd, Newman Lane, Alton, Hampshire). The colour (calibration=D65; L*=lightness, a*=redness, b*=yellowness) of the right LL was measured on the on the fresh cut surface of the cross-section of LL between the 6 th and 7 th lumbar vertebrae using MINOLTA CR-300 chroma meter. The LL muscle of both sides were randomly selected from 15 rabbits per experimental group and were individually packed in polyethylene bags. All meat samples were frozen at -80°C for 2 wk, then transported to the Department of Agricultural, Food and Environmental Sciences of University of Perugia (Italy), where the deep-frozen samples (-80°C) were analysed in the 5 subsequent days.
The raw LL meat was defrosted, ground, and samples were analysed according to the AOAC (1995) methods to determine moisture, ash and protein content.
The total lipid content of the meat was analysed using the chloroform/methanol (2:1) fat extraction method of Folch et al. (1957) .
The fatty acid composition was determined on lipids extracted from muscle samples. Fatty acids were quantified as methyl esters (FAME) with a Mega 2 Carlo Erba gas chromatograph (model HRGC, Milano, Italy), using a D-B wax capillary column (0.25 mm Ø, 30 m long).
The FAME peaks were identified by comparing the retention time with the commercially available FAME standards. Individual fatty acid methyl esters were quantified using nonadecanoic acid (C19:0) methyl ester, added before extraction, as the internal standard. The relative proportion of individual fatty acids was expressed as a percentage. Tocopherol (α-, γ(β)-, δ-tocopherol) and tocotrienol (α-, γ(β)-tocotrienol) levels of meat were assessed according to Hewavitharana et al. (2004) with HPLC method (pump model Perkin Elmer series 200, equipped with an autosampler system, model AS 950-10, Tokyo, Japan) on a Sinergy Hydro-RP column (4 µm, 4.6×100 mm; Phenomenex, Bologna, Italy). Tocopherols and tocotrienols were identified using a FD detector (model Jasco, FP-1520) set at excitation and emission wavelengths of 295 and 328 nm, respectively, and were quantified using external calibration curves prepared with increasing amounts of pure tocopherols in ethanol. Retinol was identified using a UV-VIS spectrophotometer detector (Jasco UV2075 Plus) set at λ 325 nm and quantified by comparing the sample with pure commercial standard in ethanol (Sigma-Aldrich, Steinheim, Germany; Extrasynthese, Genay, France).
The extent of muscle lipid oxidation was evaluated by a spectrophotometer set at 532 nm (Shimadzu Corporation UV-2550, Kyoto, Japan), according to the modified method of Ke et al. (1977) , which measured the absorbance of thiobarbituric acid-reactive substances (TBARS). Oxidation products were quantified as malondialdehyde equivalents (mg MDA/kg muscle) through a 1,1,3,3-tetraethoxypropane calibration curve.
Preference test
24-h video recordings in the pens equipped with platforms (PP and WP) took place once a week, using infrared cameras (KPC-S50 NV, B/W CCD) and specialised software (GeoVision GV-800 System, Multicam Surveillance System 6.1.). The number of rabbits was counted every 30 min in the various locations in the pens: in front of the platforms, under the platforms and on the platforms (on the first and on the second levels). As the area of the different parts of the pen were different, the number of rabbits in each location could be dependent on the platform size. This is why the comparison of preference of rabbits was based on the animal density (rabbits/m 2 ). The 24-h observations were divided into four 6-h periods.
Statistical analyses
Data were analysed using SAS 9.1 statistical analysis software for Windows (SAS, 2008) . ANOVA was used to test the platform preference as a fixed effect and pen as a random effect on carcass and meat characteristics (ProcMixed). Predicted means were obtained and pairwise comparisons were performed using the Bonferroni test; the significance of differences (P<0.05) was evaluated by multiple t-tests.
Location preference among the parts of the pens (in front of the platforms, under the platforms, on the first or second level of the platform, and on the floor or on the platforms) was analysed with a chi-square test (procedure CAT-MOD/ STATA).
RESULTS
During the experimental period, and irrespective of the material of platforms, rabbits were observed more frequently on the floor than on the platforms (Table 1, P<0.05) , however, the platforms were used roughly 30-40% of the time, respectively, in PP and WP. No significant differences were found for slaughter weights or percentages, warm carcass, reference carcass and carcass parts weight (Tables 2 and 3 ).
Nor were the physical and chemical composititions of LL muscle affected by treatment (Tables 4 and 5).
The oxidative status and fatty acid profiles differed among the three experimental groups (Tables 6 and 7) . Rabbits of PP group showed the highest retinol content (P<0.0001) in LL, as well as γ-tocotrienol (P<0.05), whereas the NoP ones showed a higher α-tocotrienol and α-tocopherol content (P<0.0001).
The extent of lipid oxidation was higher when the plastic platform was present (P<0.001) (TBARS 0.06 vs. 0.11 and 0.10 mg MDA/kg of meat, in NoP, PP and WP, respectively).
The fatty acid profile of LL muscle showed some differences between the groups; in particular, the absence of platform affected the fatty acids profile (P<0.05). C21:5 and C22:5n-3 and total n-3 polyunsaturated fatty acids, improving their proportion. Levels of C18:2n-6, C18:3n-3 and C22:6n-3 were equal to those of the WP group, but higher compared to PP.
DISCUSSION
As already mentioned, the results could be interpreted by the behaviour patterns of rabbits. A clear preference was observed for plastic-mesh platform (1.98 times higher density than that on WP) and for the the second level of platforms compared to the first one. Accordingly, the platforms increased the possibilities for growing rabbits to move even if they preferred staying on the floor. The preference of the rabbits for the plastic platforms rather than wire ones (de Jong et al., 2008; Szendrő and Dalle Zotte, 2011; Rommers and de Jong 2011) may enhance locomotory activity (Dal Bosco et al., 2015) .
As shown in our previous experiments, rabbits like staying at a place covered by a solid platform Matics et al., 2014b) , which is similar to the warren or vegetation (e.g. scrubs) for European wild rabbits (Lombardini et al., 2003 (Lombardini et al., , 2007 Palomeras, 2003; Beja et al., 2007) . At the same time, rabbits stayed on the plasticmesh platforms more frequently than on the wire-mesh ones, probably because the plastic-mesh floors are more comfortable for the growing rabbits Szendrő and McNitt et al., 2012; Gerencsér et al., 2014 , Dal Bosco et al., 2015 .
In the present study, 3 factors could affect the productive traits: stocking density, which was lower in pens with platforms, the difference in kinetic activity between pens with and without platforms and the materials of the platforms (wire-mesh or plastic-mesh). -12.6 -11.9 -11.9 0.15 0.166 In agreement with other authors (Trocino et al., 2004 (Trocino et al., , 2005 Jekkel et al., 2006) , the "actual" stocking density -due to the large use of platforms-did not modify the main carcass traits (dressing out percentage [DoP] , ratio of carcass parts, fat deposits and meat-to-bone ratio).
When caged rabbits were compared to pen-raised rabbits, in most cases poorer DoP, lower fat deposition, a decrease in the meat-to-bone ratio and higher hind part were observed in larger groups (Dal Bosco et al., 2002; Dalle Zotte et al., 2009; Combes et al., 2010) , partly caused by the higher locomotor activity. In the present experiment the group sizes were the same, so only the elevated platforms could affect the locomotor activity of the rabbits. When Matics et al. (2014b) compared similar sized pens with and without platforms, they found no differences in carcass traits and meat quality (pH, colour, chemical composition). The possibilities for movement between pens with and without elevated platforms were more similar than between cages and pens, as previously mentioned. Thus, in the present experiment, differences in carcass traits, physical characteristics and chemical composition of meat were not observed, in agreement with Postollec et al. (2008) .
The presence of platforms strongly affected the behaviour of rabbits and, in consequence, conditioned their physical activity. The main effects of platforms were on the oxidative status and the fatty acid profiles of meat. The higher kinetic activity increases free radical production (Fang et al., 2002) , which, in turn, alters the oxidative metabolism by increasing the pro-oxidant thrust and consequently the TBARS values (index of lipid peroxidation) (Dal Bosco et al., 2015) . NoP rabbits probably had a lower motor activity and this would have reduced the lipid oxidation and increased some bioactive compounds (α-tocotrienol, α-tocopherol and long chain n-3 fatty acids). Indeed, the higher PUFA level of this group could be due to the better oxidative status than in groups with platforms, as unsaturated fatty acids are easily oxidisable (Palmquist, 2009 ).
It appears that housing the growing rabbits in pens with platforms had no substantial effects on the slaughter performance, but worsened the fatty acid profile and oxidative status (α-tocopherol, TBARS) of meat. However, some antioxidant compounds in meat, such as retinol and γ-tocotrienol, were higher in the PP group than in WP. The baseline levels of antioxidant molecules in this group were probably higher (Matics et al., 2003; Princz et al., 2009; Szendrő and McNitt et al., 2012; Gerencsér et al., 2014) , but the greater movement due to jumps to the various floors (Gondret et al., 2009 ) likely caused higher antioxidant molecule consumption, involved in radical chain reactions (Niki, 2010) .
CONCLUSIONS
It can be concluded that rabbit pens enriched with platforms provide greater possibilities for movement, which is beneficial for animal welfare, without influencing the carcass traits, physical characteristics or chemical composition of meat. The greater motor activity of platform groups influences the oxidative status of the meat, slightly decreasing the antioxidant content and worsening lipid oxidation.
The absence of multilevel platforms leads to decreased lipid peroxidation and, as a result, improves the meat's lipid profile, as it preserves n-3 polyunsaturated fatty acids by oxidation and in turn promotes their storage in rabbit meat.
Further studies should be carried out to clarify the influence of genotype on movement and consequently on oxidative status, considering that each strain has a different metabolic adaptive response. 
